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Abstract 
Collaborative learning leads individuals to focus on the goals related with group’s interests and groups’ gain or loss rather than 
his/her own personal interest and personal gain or loss. Even though it is quite challenging at the very beginning to achieve a 
success in collaboration because of people’s egoism, a definite success can be obtained after a couple trials. Thus, the 
collaboration starts, and a move from me to us will be achieved.  
This project, focused on the pre-service teacher education in mathematics education in Turkey, has three goals. The first goal is 
to encourage pre-service teachers to develop their own learning objects. The second goal is to contribute in improving their 
understanding the theory behind professionally designed educational software. A third goal is to help them practive collaborative 
learning model by assessing the learning objects developed during the course and collaboratively improve their products. The 
data presented here are the final version of the project launched four years ago.  
© 2009 Elsevier Ltd. 
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1. Introduction 
Collaborative learning is valuable because it encourages students to work collaboratively rather than individually. 
Furthermore, it is valuable because it encourages hidden leaders in the group to express their ideas and to practice 
their own projects although each group has a selected leader. Individuals who benefit from working collaboratively 
demonstrate these habits in their own professional lives in the future. As a result, gains from this practice will 
increase, and negative outcomes will decrease. 
Srivinas (2008) describes collaborative learning as talking to solve a problem or to develop a product and as 
participating in the learning processes actively. Similarly, Nussbaumm, Winsor, Aqui, ve Poliquin (2007) emphasize 
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that the goal of collaborative learning is to build a common knowledge rather to overcome one idea onto another by 
convincing the others.  
Stahl (2008) points out the need for communication channels embedded in learning environments while 
discussing the features of learning environments by extending the idea of human skills can be improved in groups
suggested by Vygotsky (1978). Regarding with learning environments, Dillenbourg ve Hong (2008) identify the 
relation between the quality of the learning outcomes and the opportunites to improve the ideas emerged during the 
discussion and to develop a common sense as a result of these discussions.  
In Turkey, the curriculum materials have been delivered according to Bloom Taxonomy until recent years. 
However, the new elementary school curriculum, which is under revision and currently in progress, has accepted 
constructivist theory (Directorate-General for Education and Culture, 2006). The necessary condition for the 
constructivist theory which is currently in use demands collaborative learning environments. The activity based 
courses lead to achieve the course goals at an optimum level. Course plans have gains rather than objectives and 
goals as previous plans.  
The purpose of this study is to provide opportunities for the pre-service teachers to develop their own learning 
objects, to understand the idea behind educational software by experiencing similar processes, and to practice 
collaborative learning model by assessing the learning objects they developed. Therefore, since the products 
obtained at the final stage are the products of a group rather than an individual’s brain, we believe that the 
possibility of acceptance and use of these products by elementary school students will be higher.  
2. Methodology 
The study presented here is the final version of a pilot project launched four years ago and developed by updating 
until today. Our first goal was to encourage pre-service teachers develop their own learning objects based on their 
individual learning and teaching strategies and to help them improve these skills. Our assumption was that when 
they need to evaluate educational software developed by professional companies, they may benefit from these skills.  
The pilot project∗ we conducted in 2003-2004 was the first application done in Turkey and one of the first ones in 
the worldwide on the date of the project. Today, in addition to our university, some other universities such as Ege 
University, Balıkesir University, and Dokuz Eylül University use the Macromedica Authorware for similar 
purposes. 
Unfortunately, the Adobe Inc. has bought Macromedia Authorware and stopped distributing this software 
because of the challenge in learning and using that software. 
a. Sampling 
This study has been completely conducted in the østanbul University, Hasan Ali Yucel Education Faculty, the 
Department of Elementary School Mathematics with the senior students as a part of Computer Based Mathematics 
Instruction Course.  Since these students took a computer course in their third semester, they were familiar with 
basic computer and internet applications such as emailing and office software. 
b. Materials 
We studied in two different computer laboratories during the four years of the project. The computer laboratory 
we used in the 1st and 2nd year had 35 seats and computers, and all computers had similar features. Each computer 
had Windows’NT operating system and MS Office software having academic licence. Computers had intranet as 
well as internet communication. During the course period, demo version of the Macromedia Authorware was used. 
In addition, laboratory had air condition and data projection equipments. 
During the 3rd and 4th year, the computer lab we used had 50 seats but only 22 computers. All computers were PC 
and had different configurations. 15 of them were using Windows XP whereas the rest were using Windows’95. All 
∗ This work was supported by the Research Fund of the University of Istanbul. Project number: UDP-295/06052004. 
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of them had licenced MS Office software. We used demo version of Macromedia in the 3rd year but we did not use 
that software in the 4th year.  
c. Methodology 
We conducted the study as the format outlined below (New model seen in Figure 1.): 
1. Prior to starting each semester, a pre-test was given to measure their level of knowledge and anxiety. 
2. Course materials were delievered as suggested by YOK (Higher Education Counsil). 3 faculty members 
were attended into the each course to observe. 
3. A list of subjects chosen from grade 6, 7, and 8 year curriculums were provided to the students, and they 
were asked to choose one subject to work through their projects. 
4. They all were informed about which memory mediums they could use. 
5. They all were informed about the assessment criteria to be used to assess their work. 
6. At the end of semester, a post-test was given. The learning objects developed by pre-service teachers were 
assessed. 
7. Findings were analyzed. 
Figure 1: 4S Modeling for Collaborative Learning Application Process
d. The Study 
1. In order to measure their anxiety level against the current course, a pre-test, which contains 60 questions, 
was given prior to starting the semester and a post-test at the end of the semester (Rosen & Weil, 1992; 
Erktin, E., & S. Gulsecen, 2001). 
2. The course materials were delivered as suggested by YOK (Higher Education Counsil), and the only 
difference was the materials used as described above. During the course, the presentation strategy was 
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chosen as a delivery method to instruct students on how to use computers in mathematics education by 
demonstrating various examples (see Table 1).  
3. Then, the students were asked to develop learning objects related to the subjects they had chosen. The 
purpose of this stage was to let them learn course material by practicing (project-based learning). 
Exception 1. At the second year of the project, a yahoogroup was step up and all students and educators attended 
as observer were encouraged to be the members of this group. We used this group for both communication and a 
depository to store all materials created during the course so that each person related to this project had a chance 
of access to the materials. Moreover, we used this environment to communicate with each others out of the 
regular course time. 
4. The students were asked to create a course plan and a MS PowerPoint presentation based on this plan as if 
they were teaching their subjects to their students. Students uploaded all their work into a space provided 
by the yahoogroup so that others had a chance to access each others’ work. 
Exception 2. At the first year of the project, students used their own storage to store their work and submitted to 
the faculty member, delivering the course, on the due date. 
5. The students were informed about the assessment criteria prior to developing their projects. 
6. At the end of the semester, a post-test was given, and the learning objects developed by the pre-service 
teachers were assessed. 
7. Findings obtained from the study were analyzed. 
Table 1: Schedule of the Computer Based Mathematics Instruction Course
Course Content D        U       R         A         T         I        O         N       S
 1st Year 2nd Year 3rd Year 4th Year
MS Word 3 hours&3 weeks 3 hours&1 week 3 hours&1 week 3 hours&3 weeks 
MS Excel 3 hours&4 weeks 3 hours&3 weeks 3 hours&2 weeks 3 hours&4 weeks 
MS PowerPoint 3 hours&2 weeks 3 hours&2 weeks 3 hours&1 week 3 hours&3 weeks 
Macromedia Authorware 3 hours&3 weeks 3 hours&5 weeks 3 hours&7 weeks -(excluded) 
Others (internet, e-mail, 
yahoogroups etc.) 
3 hours&1 week 3 hours&2 week 3 hours&2 weeks 3 hours&3 weeks 
Special Case. The data used in this paper collected in the third year of the project. Prior to using the collaborative 
learning, a preparation to encourage students to focus on the course and to improve the interpersonal relations 
between students in a positive manner was planned. All students and educators were encouraged to communicate in 
the yahoogroup. The students used this group affility for socialization (chatting and messaging, departmental 
announcements, sharing pictures, and voting) besides course purposes. 
Organization of the study
a) The students were grouped in fives. 
b) Each student in the group was asked to choose two friends from their group to assess their work. 
c) Each student was asked to assess and criticize their friends’ work to help them improve their work and 
to upload their suggestions onto a certain place in the group space. 
d) Moreover, each student was asked to explain the rationale for their choices on those particular friends’ 
work.  
e) The students were informed how this practice was going to affect their final grade. The purpose of this 
strategy was to encourage them to make constructive suggestions and thus, to lead them to develop more 
effective learning objects. 
f) At the later stage, the students were asked to develop their learning objects by using MacroMedia 
Authorware and also asked to take the suggestions done by their friends into the consideration. 
g) The students developed their learning objects to teach their own subjects by benefitting the suggestions 
by friends and seminars given during the course. 
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Exception 3. The project conducted in the 3rd year could not be conducted in the 4th year because the students 
preferred presentation method rather than using the project-based and collaborative learning methods. 
Final grading. Final grading was planned in two stages. At the first stage, the learning object created by the 
student was assessed based on the criteria given prior to the study. The criteria were in three categories: (a) 
Instructional design, (b) Graphical design, and (c) Programming design. At the second stage, the average obtained in 
the group work and the student’s own average were averaged, and the final grade was found (see Equations 1,2) and 
Figure 1). 
PG:Personel Grade 
AGG:Average Group Grade  
¦
=
=
n
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1
/   (1) 
SFG:Student’s Final Grade  
( ) 2/AGGPGSFG +=
 (2) 
In order to understand the reasons behind the less increase in students’ achievement than we expected, a meeting 
with the students were planned after the semester was ended. In this meeting, they were asked; 
1. Whether they liked the collaborative learning strategy or not, 
2. Whether they followed the criteria provided to them or not and their rationale, 
3. Whether they took their friends’ suggestions into the consideration or not and their rationale. 
e. Findings 
In the first year, the students were given a seminar to encourage them to develop learning objects, and 
Macromedia Authorware was taught in this 3-week seminar. After the seminar, ther were asked to develop learning 
objects related to the subjects they chose. We collaboratively assessed the final outcomes of the course. 
Furthermore, we shared our assessment criteria and reflection with the participants at the international Ed-Media 
2004 Conference∗∗ (Ayvaz Reis, Z. & Karadag, Z., 2004). 
In the second year, we tested the effect of the duration of the seminar period over the achievement. We increased 
the semiar period to five weeks, 2 weeks theoretical and 3 weeks practical. Macromedia Authorware was taught, and 
a significant increase was not observed (see Table 2). 
To test whether there is a significant difference or not among the students’ averages in four year, we used 
ANOVA test. As seen in the Table 2, as a result of one-way variance analysis (ANOVA) testing if there is a 
difference in the averages of the students’ midterm and final grades according to the year as a variable, and the 
differences in the averages of year groups is found significant. Then, in order to identify which groups cause this 
significant difference, a supplementary post-hoc analysis is applied.  
Table 2: The results of one-way variance analysis (ANOVA)
N, Average and SD Values ANOVA Results
Point Group N Ave. SD Var. K. K.T. S.d. K.O. F p
Y
ea r 1.yıl 37 90,27 10,27 Intra G 13933,025 3 4644,342 25,915 ,000 
∗∗
 It was presented as “3D Method in Computer Based Instruction” on “ED-MEDIA 2004, World Conference on Educational Multimedia, 
Hypermedia & Telecommunications” 25. June.2004, Switzerland-Lugano 
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2. yıl 50 87,12 15,21 Inter G 34588,010 193 179,212 
3. yıl 58 83,18 17,40 Total 48521,036 196  
4. yıl 52 68,09 6,55    
Total 197 81,53 15,73      
1.yıl 37 83,24 17,20 Intra G 29083,958 3 9694,653 
2. yıl 50 56,98 16,28 Inter G 45712,073 193 236,850 
3. yıl 58 74,56 18,69 Total 74796,030 196  
4. yıl 52 89,13 6,47     
Y
ea
r 
Total 197 75,57 19,53      
40,932 ,000 
As seen in Table 3, the post-hoc LSD test identifies a statistically significant difference between groups’ midterm 
grades as opposed to the 4th year group. The values of the 4th year are found significantly less than the other three 
groups’ values. In addition, the values of 3rd year are also found significantly less than the 1st one. No significant 
difference was found between the other groups. 
Table 3: The post-hoc LSD test based on midterm grades
Variable (i) Variable (j) Difference in Aver.  (i-j) SHx p
2,00 3,152 2,903 ,279 
3,00 7,081(*) 2,816 ,013 
4,00 22,172(*) 2,879 ,000 
1,00 
    
1,00 
-3,152 2,903 ,279 
3,00 3,931 2,583 ,130 
4,00 19,022(*) 2,651 ,000 
2,00 
   
1,00 
-7,085(*) 2,816 ,013 
2,00 
-3,943 2,583 ,130 
4,00 15,097(*) 2,556 ,000 
3,00 
   
1,00 
-22,172(*) 2,879 ,000 
2,00 
-19,024(*) 2,651 ,000 
3,00 
-15,095(*) 2,556 ,000 
4,00 
   
Similarly, the post-hoc LSD test identifies a statistically significant difference between groups’ final grades as 
opposed to the 2nd year group. The values of 2nd year group are significantly less than all the other groups’ values. 
Moreover, the values of the 3rd year group are found significantly less than 1st and 4th year groups. No significant 
difference is found between the other groups (see Table 4) 
Table 4: The post-hoc LSD test based on final grades
Variable (i) Variable (j) Difference in Aver.  (i-j) SHx p
2,00 26,263 (*) 3,337 ,000 1,00 
3,00 8,674(*) 3,238 ,008 
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4,00
-5,891 3,310 ,077 
    
1,00 
-26,263(*) 3,337 ,000 
3,00
-17,588(*) 2,969 ,000 
4,00
-32,154(*) 3,048 ,000 
2,00 
    
1,00 
-8,674(*) 3,238 ,008 
2,00 17,588(*) 2,969 ,000 
4,00 -14,565(*) 2,939 ,000 
3,00 
    
1,00 5,891 3,310 ,077 
2,00 32,154(*) 3,048 ,000 
3,00 14,565(*) 2,939 ,000 
4,00 
    
We also tested to see if there is a difference in the the midterm and final grades of the 3rd year students, which 
were part of collaborative learning experience, and of the 2nd year students with respect to their education year as a 
variable. The independent t-test demonstrates a significant difference between the final grades of the students (see 
Table 5). 3rd year students had significantly higher grades than the 2nd year students, however, no significant 
difference was found when their midterms grades were tested. 
Table 5: The results of independent t-test
t test
Grades Groups N Average SD Shx
t Sd p
2,00 50 87,12 15,21 2,15 
Mid term Score  
3,00 58 83,18 17,40 2,28 
1,240 106 ,218 
2,00 50 56,98 16,28 2,30 
Final Score 
3,00 58 74,56 18,69 2,45 
-5,172 106 ,000 
When we worked on the outcomes of the 3rd year students, we found an increase in the achievement level of 5 
students whereas a decrease on the achievement level of nine students. No significant change was found on the 
results of the others. In order to understand the reasons to cause the less achievement than our expectation, we 
organized a meeting with the 3rd year students. 21 out of 58 students participated in the meetings. Some striking 
themes from the meeting are as follows: 
1. When they were asked if “they liked the course delivered according to the collaborative learning 
perspective,” 90% of them declared that they did not like it. 
2. When they were asked if “they followed the criteria and their rationale,” 60% of them declared that they 
followed. The rest 40% complained about the lack of access to computers in their spare time, and that is 
why they could not analyze the others’ projects. 
3.  When they were asked if “they took the suggestions written by their friends into account and reasons,” 60% 
of them declared that they did not take into consideration because they did not believe that the suggestions 
done were realistic. 
3. Discussion and conclusions  
We fulfilled our hypothesis in the first year: “We can succeed in training authorware software with a well-
designed education process even if it is challenging to learn that software.” The results of the project were 
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encouraging because we could achieve a high success in a very short period of time. We shared the results with the 
participants in the Ed-Media 2004 conference.   
In the second year, because of the data gathered in the first year, we hypothesized that “if we increase the 
education period, we can obtain more success in learning the use of Macromedia Authorware, which is hard to 
learn”. Unfortunately, we could not obtain a significant result from this experience. Based on our observation, it is 
reasonable to admit that the decrease in the number of computers from one computer per one student to one 
computer per two persons could be an effect. As a result of this decrease, a decrease in students’ motivation may 
cause this low achievement level.  
Although a decrease in students’ performance has been documented in the 3rd year of the study comparing to the 
other years, this year could be accepted as a success because this year was the first year of collaborative learning 
experience. In fact, when we evaluated the students’ suggestions on the others’ work, we found constructive 
suggestions in 50% of them. The rest 50% criticize their friends’ work but lack to provide suggestions on how to 
improve. These data suggest us that these students lack the spiritual of the collaborative learning.  
At this point, one may ask “what else should have been done?”, and the answers for this question are numerous 
as all of us know. In sum, based on the experiences we gain, we suggest to continue collaborative learning as 
opposed to individualized learning by collaborating with each other. 
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